Background and Objectives: Orthotopic vascularized lymph node transplant has been successfully used to treat lymphedema. A second, heterotopic lymph node transplant in the distal extremity may provide further improvement. The vascularized omentum lymphatic transplant (VOLT) provides adequate tissue for two simultaneous flap transfers to one limb. The purpose of this study was to review our experience with this technique. Methods: We conducted a retrospective study of patients who underwent VOLT, with a subgroup analysis of patients who underwent double VOLT. Technical aspects of the procedure, complications, and early outcomes were reviewed. Results: From May 2015 to August 2017, 54 VOLTs were performed in 38 patients, of whom 16 received double VOLT. Among patients in the double VOLT group with postoperative imaging at 1 year, uptake into the transplanted omentum was seen in three of six (50%) patients on lymphoscintigraphy and in one of five (20%) patients on indocyanine green lymphangiography. One patient (3.1%) in the double VOLT group required a return to the operating room. There were no donor site complications in the double VOLT group. The overall complication rate was 15.8%. Conclusions: Double VOLT to the mid-level and proximal extremity is a safe and viable option. K E Y W O R D S double omentum, lymphedema, omentum, vascularized lymph node transfer, VOLT
transplant. The proposed mechanism for proximal lymph node transplant is bridging of the defect caused by the prior lymphadenectomy. 16 The proximal recipient site also allows for scar removal and decompression of the axillary vein. In contrast, Cheng et al 17 have described the shunting mechanism for distal lymph node transplant whereby lymph is shunted into the venous circulation through lymphatic interconnections within the lymph node. We have seen positive results using both approaches. The rationale behind a proximal and mid-level double VOLT is to gain the potential benefits of both a bridge and a shunt. The purpose of this paper is to review our experience with this approach.
| MATERIALS AND METHODS
Following institutional review board approval , we retrospectively studied the records of patients who underwent VOLT from May 2015 to August 2017, which were retrieved from a prospectively maintained registry. Demographic and clinical information was collected, including age; sex; body mass index (BMI); cellulitis history; etiology, location, and duration of lymphedema; follow-up time; and recipient site of VOLT. Postoperative complications were recorded.
Preoperative and 1-year postoperative lymphoscintigraphy and indocyanine green (ICG) lymphangiography were also evaluated.
These outcomes were assessed for all patients who underwent VOLT-whether double or single-to determine the overall complication rate for this donor site. The clinical indication for a double VOLT was global as opposed to focal lymphedema of the limb. All patients were under the care of a certified lymphedema therapist before and after surgery.
| Operative technique: Upper extremity lymphedema
A two-team approach is used to harvest the omentum while preparing the axillary recipient site. The omentum is harvested prior to exposing the forearm vessels to ensure there is enough healthy omentum available for two recipient sites. Even in cases without prior abdominal surgery, scarring of the omentum may be present. An open approach is preferred to allow for the use of microsurgical instruments and finer control. The peritoneal cavity is entered through an 8-cm epigastric midline incision. The omentum, transverse colon, and stomach are delivered into the field. The right portion of the omentum is gently dissected from the transverse mesocolon, carefully preserving its blood supply. Dissection is carried up to the greater curvature of the stomach, where the gastroepiploic vessels are clipped and divided. In most cases, the left and right gastroepiploic vessels are in continuity, but in some instances there may be no direct connection. 18 The short The second portion of the omentum flap is then transferred to the 
| Operative technique: Lower extremity lymphedema
The omentum is prepared in an identical manner as in the upper extremity. In the thigh, an incision is made along the posterior border of the abductor longus muscle. Dissection through the muscle fascia exposes the gracilis pedicle and profunda artery perforator pedicle, either of which can be exposed for length. 20 In the calf, an 8-cm incision The demographic and clinical information for the all VOLTs and double VOLT groups is shown in Table 1 . All patients were female. 
| DISCUSSION
The use of a pedicled omentum flap for the treatment of lymphedema was first described 40 years ago. 21 One end of the gastroepiploic pedicle was kept intact, and the omentum was delivered extra-peritoneally into the affected site. This approach resulted in an iatrogenic hernia, which led to some severe complications, and limited widespread adoption of this technique. 22, 23 The advent of microsurgery has reignited interest in the omentum flap, as this approach would allow transplantation to virtually anywhere in the body, and the abdomen to be closed completely. [1] [2] [3] [4] [5] [6] [7] 24 Although laparoscopic harvest of the omentum has also been described, 1, 25 in our experience open harvest through a limited incision is more precise and remains the preferred approach.
Major advantages of the omentum are its large surface area and long, consistent pedicle, which allow it to be split into two flaps for simultaneous transfer into the same limb. The rationale behind this approach is to provide more than one exit for lymph in a limb with poor proximal movement of lymph. We have observed this in our clinic in patients with ICG lymphangiography in which the dye never reaches the axilla or takes a long time to do so. Hung-Chi Chen et al 6 concluded that this is a safe and promising technique. The rationale for distal transfer to the wrist or ankle is that it is the most dependent region of the limb and may be more efficacious. 17 However, distal The results in this study of 54 VOLTs in 38 patients suggest that the omentum is a safe option as a donor site for lymphatic transplant.
The more commonly cited abdominal complications-including hernia, small-bowel obstruction, and donor site infection, which were reported using a pedicled omentum 22, 23 have not been observed in this series to date. The one episode of transient pancreatitis in our study occurred early in our experience with the omentum, and it was likely related to dissection close to the pancreas in an effort to capture more lymph nodes at the hilum of the gastroepiploic vessels. Our approach has become more conservative, and there have not been any further episodes of pancreatitis. Although, 44.7% of patients reported cellulitis of the affected extremity preoperatively, on preliminary review this was reduced to 13.2% of patients postoperatively. Each of the patients with cellulitis postoperatively had been affected preoperatively; further long-term follow-up is needed. The low complication rate in the double VOLT group may reflect the increased experience with this technique, compared with our earlier experience using a single VOLT.
Long-term data are needed to assess the overall clinical outcomes of double VOLT. We are currently recruiting patients for a prospective study comparing vascularized lymph node transplant with conservative treatment to better understand the risks, benefits, and outcomes for patients with lymphedema.
| CONCLUSION
The double VOLT is a safe and reliable technique for the treatment of lymphedema. Benefits include the option of treating scar contracture and vein compression at the proximal recipient site and improved cosmesis at the mid-level as opposed to distal recipient site. Prospective study will further refine the outcomes and indications of this procedure.
